Objectives Tests of the relationship between sleep and overweight/obesity (OW/OB) among women have been inconsistent. Few studies reporting such associations have focused on women of childbearing age. This paper investigates this association among Canadian women of childbearing age. Methods Data were from the Canadian Community Health Survey 2011-2014. The sample consisted of women aged 18-44 years. All variables were self-reported. Sleep duration was dichotomized as insufficient (< 7 h/night) or adequate (≥ 7 h/ night). A composite score of sleep quality was used and dichotomized as poor none/little of the time or some/most/all of the time. Height and weight were used to calculate body mass index. Associations between sleep and OW/OB were assessed using logistic regression analyses with survey weights. Three models were computed for sleep duration/quality: model without covariates, model adjusted for demographics (age, ethnicity, level of education, household income, marital status, employment, parity, region, and season), and model adjusted for demographics and variables associated with OW/OB (mood disorder, fruit and vegetable intake, physical activity, smoking, and alcohol). Results Total sample consisted of 9749 women of childbearing age. Thirty-eight percent had insufficient sleep duration. Sleep duration was significantly associated with OW/OB in the model with no covariates and discriminated 52.8% of women of childbearing age, but this association was no longer significant in the models adjusted for covariates. Sleep quality was not significantly linked to OW/OB in any of the models. Conclusion Targeting sleep alone would likely not contribute to lower risk of OW/OB among Canadian women of childbearing age. Additional studies, especially longitudinal ones, are needed to confirm these findings.
Introduction
Associations have been reported between sleep and multiple health outcomes, including overweight/obesity (OW/OB) in adults (Itani et al. 2017; Magee and Hale 2012; Nielsen et al. 2011; Wu et al. 2014; Fatima et al. 2016) . The majority of studies focused on sleep duration (Itani et al. 2017; Magee and Hale 2012; Nielsen et al. 2011; Wu et al. 2014) , although sleep quality has also impacted risk of OW/OB (Fatima et al. 2016; Rahe et al. 2015) . The United States (US) National Sleep Foundation recommends between 7 and 9 h of sleep among adults aged from 18 to 64 years (Hirshkowitz et al. 2015) . Canada recently developed its own sleep duration recommendations, but only for children and youth aged 5 to 17 years (Tremblay et al. 2016 ). Short sleep, usually defined as sleep durations below national recommendations, may contribute to OW/OB among adults (Itani et al. 2017; Magee and Hale 2012; Nielsen et al. 2011; Wu et al. 2014) .
Some more recent studies have tested the association between sleep quality and OW/OB. While there is no consensus on how best to measure sleep quality, one of the more common tools has been the Pittsburgh Sleep Quality Index (PSQI) (Buysse et al. 1989) . The PSQI includes seven components of sleep quality: overall quality, latency (i.e., the time it takes to fall asleep at night), duration, efficiency (i.e., a proportion of the time asleep over the time spent in bed), disturbances (i.e., the number of awakenings at night), use of sleeping medication, and daytime dysfunction (i.e., having trouble staying awake and getting things done during the day) (Buysse et al. 1989) . Studies of poor sleep quality, whether measured using the PSQI or not, have indicated that it may be a risk factor for OW/OB among adults (Fatima et al. 2016; Rahe et al. 2015) .
Women have been more at risk for short (Grandner et al. 2015) and poor sleep quality (Nugent and Black 2016; Mehta et al. 2015) compared to men as their sleep can be impacted by hormonal factors, such as menstrual cycle, pregnancy, and menopause (Mehta et al. 2015) and by socio-demographic factors, such as marital status, employment, and parity (Grandner et al. 2015) . It is therefore surprising that only a few studies have specifically focused on women when examining the association between sleep and OW/OB.
Three studies (two cross-sectional and one longitudinal) found significant associations between short sleep and obesity among population-based samples of Swedish women when controlling for age, marital status, employment, psychological distress, medication, physical activity, smoking, and alcohol consumption. The first study included 400 women aged 20 to 70 years (Theorell-Haglow et al. 2010) . Sleep duration was measured using one night of polysomnography and waist circumference (WC) was measured by a nurse. Sleep duration was significantly associated with WC (β = − 1.24, p = 0.016) (Theorell-Haglow et al. 2010) . The second study reported baseline data of a cohort study and included 6461 women aged ≥ 20 years (Theorell-Haglow et al. 2012) . Sleep duration and WC were self-reported. Sleep duration was significantly associated with WC (β = − 2.81, p = 0.002), and when women were divided into two groups based on their age (i.e., < 50 versus ≥ 50 years old), the association between short sleep (< 6 h/night) and WC ≥ 88 cm was only significant among women < 50 years old (odds ratio [OR] = 1.83, 95% confidence interval [CI] 1.43-2.34) (Theorell-Haglow et al. 2012) . The third study reported the results at 10 years for the cohort study and included 4903 women (Theorell-Haglow et al. 2014) . Sleep duration, height, weight, and WC were self-reported. Short sleep was only associated with BMI ≥ 30 kg/m 2 at the 10-year follow-up (OR = 1.71, 95% CI 1.01-2.87) (Theorell-Haglow et al. 2014) .
A cross-sectional study did not find a significant association between sleep duration and adiposity but reported a significant association with poor sleep quality among 330 US women aged 17 to 26 years (Bailey et al. 2014) . Sleep duration and quality were measured by 7 days of actigraphy, and height, weight, and percent body fat were measured by staff. Sleep quality was defined in terms of sleep efficiency, which is the amount of time participants were asleep over the amount of time they were in bed. Sleep duration was not significantly linked to BMI nor percent body fat, while sleep efficiency was significantly linked to BMI (β = − 0.20, p = 0.0003) and percent body fat (β = − 0.20, p = 0.0003) when controlling for age, season, and physical activity (Bailey et al. 2014) . Another cross-sectional study found that sleep quality was not significantly linked to OW/OB among 927 US women aged 16 to 40 years of lower socio-economic status (SES) (Tom and Berenson 2013) . Sleep quality was measured by the PSQI, and height, weight, and WC were measured during clinic visits. Sleep quality was not significantly associated with being overweight (BMI ≥ 25 kg/m 2 and < 30 kg/m 2 ) or obese (BMI ≥ 30 kg/m 2 ) nor with WC ≥ 88 cm when controlling for age, race/ethnicity, perceived stress, and depressive symptoms (Tom and Berenson 2013) . In sum, the results of the few studies conducted exclusively among women have been conflicting.
Even fewer studies have focused on women of childbearing age. A cross-sectional study among 3607 US women of childbearing age (15 to 44 years) using data from the National Health and Nutrition Examination Survey (NHANES), years 2005-2010, indicated that they reported more frequently having poor sleep compared to pregnant women of the same age range (Amyx et al. 2017) . Another cross-sectional study among 927 US women of childbearing age (16 to 40 years) of lower SES reported that poor sleep measured by the PSQI was not related to OW/OB (Tom and Berenson 2013) . Thus, it is unclear whether sleep duration and sleep quality are related to OW/OB among women of childbearing age.
The mechanisms responsible for the links between sleep and OW/OB are not fully known. Short sleep can disrupt hormones regulating appetite (i.e., ghrelin) and satiety (i.e., leptin), which would result in increased food intake (StOnge 2013; Lundahl and Nelson 2015) and eventually, OW/ OB. Short sleep also may impair executive functioning and judgement, resulting in increased impulsivity when making decisions regarding food choices and heighten chances of picking unhealthy food, such as fast food (Lundahl and Nelson 2015) . To our knowledge, no study has investigated the association between sleep and OW/OB among women of childbearing age in Canada using data from the Canadian Community Health Survey (CCHS). We hypothesize that adequate sleep duration and better sleep quality will be associated with lower odds of OW/OB measured by BMI. This information can be useful to determine whether sleep should be targeted in interventions aimed at preventing OW/OB among Canadian women of childbearing age.
Methods

Data source and population
Data were from the CCHS, years 2011-2014. Microdata from the CCHS annual component for 2011 (12 month file), 2012 (12 month file), and 2013-2014 (24 month combined file) were used and accessed via the Quebec inter-University Centre for Social Statistics at Laval University. The CCHS is a repeated cross-sectional annual health survey that collects information on a nationally representative sample of noninstitutionalized civilian Canadians aged 12 years and older (Statistics Canada 2014). The CCHS has three components: (1) core content asked of all respondents, (2) optional content chosen by health regions, and (3) rapid response modules asked of all respondents living in the ten provinces for one data collection period (Statistics Canada 2014). Questions on sleep were part of the optional content and therefore not asked of participants from all provinces or territories of Canada. The years 2011-2014 are the most recent CCHS data available and were chosen because they contained information on sleep duration, sleep quality, and BMI. The CCHS, years 2011-2014, contained information on sleep for the following seven provinces and territories of Canada: Prince Edward Island, Nova Scotia, Quebec, Manitoba, Alberta, Yukon, and the Northwest Territories (see Table 1 ). Only the province of Manitoba had sleep data for all 4 years, and only the province of Alberta had sleep data on 3 out of 4 years (2011, 2012 and 2014) . The other provinces and territories of Canada had data for 2 out of 4 years. Questions on height and weight (to calculate BMI) were part of the core content and thus asked of all respondents. More detailed information on the CCHS can be found on Statistics Canada's website (Statistics Canada 2014) .
The population under study consisted of women of childbearing age (18 to 44 years), as defined by the Centers for Disease Control and Prevention (Centers for Disease Control and Prevention 2015). Pregnant women and those for whom it was not possible to ascertain whether they were pregnant or not were excluded from the analyses.
Variables
All variables related to sleep were self-reported by participants. Sleep duration was measured using the following item BHow long do you usually spend sleeping each night?P ossible responses were as follows: (1) under 2 h, (2) 2 h to less than 3 h, (3) 3 h to less than 4 h, (4) 4 h to less than 5 h, (5) 5 h to less than 6 h, (6) 6 h to less than 7 h, (7) 7 h to less than 8 h, (8) 8 h to less than 9 h, (9) 9 h to less than 10 h, (10) 10 h to less than 11 h, (11) 11 h to less than 12 h, and (12) 12 h or more. Sleep quality was measured with the following three items: BHow often do you have trouble going or staying asleep?^; BHow often do you find your sleep refreshing?^; and BHow often do you find it difficult to stay awake when you want to?^(Cronbach's alpha 0.48). Possible answers were as follows: (1) none of the time, (2) a little of the time, (3) some of the time, (4) most of the time, and (5) all of the time. The first item measured sleep latency (the time for falling asleep at night or having trouble falling asleep) and sleep disturbances (awakenings at night or having trouble staying asleep) and the third item measured daytime dysfunction (trouble staying awake and getting things done) according to the PSQI (Buysse et al. 1989) . A composite score of sleep quality was created by summing the answers to the three items. A higher score (range 3 to 15) indicated poorer sleep quality.
Height (in feet and inches or cm) and weight (in pounds or kg) were self-reported by participants. They were converted into kilograms and metres to calculate BMI. BMI ≥ 25 kg/m 2 was considered OW/OB (NHLBI Obesity Education Initiative Expert Panel 1998). The following demographic and socioeconomic information were used to describe the sample and/ or to be included as covariates in the statistical analyses: age, ethnicity, level of education, household income, marital status, employment, parity, region, and season.
The following variables were included as covariates in the statistical analyses, since there is evidence that they are related to OW/OB: mood disorders (Mannan et al. 2016) , fruit and vegetable intake (Schwingshackl et al. 2015) , physical activity (Chin et al. 2016) , smoking (Tuovinen et al. 2016) , and alcohol consumption (Traversy and Chaput 2015) . The presence of a mood disorder was measured with the following item: BWe are interested in conditions diagnosed by a health professional and [that] are expected to last or have already lasted 6 months or more. Do you have a mood disorder such as depression, bipolar disorder, mania or dysthymia?^(yes/no). Fruit and vegetable consumption was measured with the following six items: (1) BHow often do you usually drink fruit juices such as orange, grapefruit or tomato?^; (2) BNot 
Statistical analyses
Sleep duration and quality were dichotomized. Sleep duration was dichotomized as insufficient (< 7 h per night) or adequate (≥ 7 h per night) according to the latest recommendations of the US National Sleep Foundation (Hirshkowitz et al. 2015) . Sleep quality was dichotomized as having trouble going to sleep or staying asleep, not finding sleep refreshing (item reversed) and finding it difficult to stay awake when you want to none or little of the time or some, most or all of the time. The association between sleep duration/quality and BMI was assessed by means of logistic regression analyses with survey weights. Survey weights were used to account for the complex sampling plan design of the CCHS and to obtain a sample that is representative of the Canadian population at the health region level (Canada 2014). A normalized survey weight was used to combine data from 2011 to 2014. To compute it, the survey weight in the master file for each year was used and this value was divided by the pooled mean value. The linearity of the logit, an assumption for using logistic regression analyses, was verified by using the Box-Tidwell approach (Tabachnick and Fidell 2013) . Three models were computed for each component of sleep (duration and quality): (1) an unadjusted analysis (no covariates), (2) an analysis partially adjusted for demographics (age, ethnicity, level of education, household income, marital status, employment, parity, region, and season), and (3) an analysis fully adjusted for demographics and variables associated with OW/OB (mood disorder, fruit and vegetable intake, physical activity, smoking, and alcohol consumption). The area under the ROC curve as a measure of model fitting was reported for each model (Hosmer and Lemeshow 2000) . An area under the ROC curve of 50% is considered no discrimination; between 70% and 80%, acceptable; between 80% and 90%, excellent; and 90% and more, outstanding (Hosmer and Lemeshow 2000) . Alpha level was set at p < 0.05, and all analyses were performed using SAS, version 9.3 (SAS Institute, Cary, NC, USA).
Results
Sample characteristics
The total sample consisted of 9749 women of childbearing age, 18 to 44 years old. The mean age was 31.1 ± 0.2 years, and the majority (80.8%) were non-Hispanic white. The majority of women (68.5%) had a postsecondary certificate/diploma or a university degree and the mean household income was CAD $78,650 ± 1037. The majority of women were married or living common-law (56.1%) and working full-time (58.8%). Mean parity was less than one child (0.9 ± 0). Slightly more than half of the sample (55.7%) slept the recommended 7 to 9 h per night, and the average score for sleep quality was 7.1 ± 0.0, indicating an overall good sleep quality. This was reflected in the low mean scores for latency and disturbances (2.5 ± 0.0), not finding sleep refreshing (2.6 ± 0.0) and daytime dysfunction (2.1 ± 0.0). More than a third (36.4%) of participants had a BMI indicating the presence of OW/OB (≥ 25 kg/m 2 ). Complete sample characteristics are presented in Table 2 .
Association between sleep and overweight/obesity
Sleep duration was significantly associated with BMI in the unadjusted analysis which discriminated 52.8% of women of childbearing age, but this association was no longer significant in the model adjusted for demographics (partially adjusted analysis) nor the one adjusted for demographics and variables associated with OW/OB (fully adjusted model) (see Table 3 ). Sleep quality was not significantly linked to BMI in any of the three models (unadjusted, partially and fully adjusted analyses) (see Table 4 ). All models poorly discriminated women of childbearing age based on their BMI with areas under the ROC curve below the 70% threshold (Hosmer and Lemeshow 2000) .
Discussion
Sleep duration was significantly associated with OW/OB (BMI ≥ 25 kg/m 2 ) when it was the only variable in the logistic regression analysis (i.e., unadjusted model), indicating that sleeping at least 7 h per night as recommended by the US National Sleep Foundation (Hirshkowitz et al. 2015) was associated with lower chances of being OW/OB among Canadian women of childbearing age. However, this association was no longer significant when demographics (i.e., partially adjusted model) and variables associated with OW/ OB (i.e., fully adjusted model) were entered into the analyses. A study conducted among young US women aged from 17 to 26 years also reported that sleep duration was not significantly associated with BMI (Bailey et al. 2014 ). Yet, previous evidence from cross-sectional (Theorell-Haglow et al. 2010 and longitudinal (10-year follow-up) (TheorellHaglow et al. 2014 ) studies conducted among Swedish women indicated that sleep duration was significantly associated with obesity when controlling for similar covariates, such as age, smoking, alcohol, physical activity, and depression. A number of factors may explain these differences in findings: (a) these studies used obesity (e.g., BMI ≥ 30 kg/m 2 (TheorellHaglow et al. 2014) or WC ≥ 88 cm (Theorell-Haglow et al. 2012)) and not OW/OB as the outcome; (b) they used different measures of obesity, such as WC (Theorell-Haglow et al. 2010 or a weight gain of ≥ 10 kg at follow-up (Theorell-Haglow et al. 2014) ; (c) they included all nonpregnant women aged ≥ 20 years (Theorell-Haglow et al. 2010 , not just those of childbearing age; (d) they used different definitions of sleep duration (e.g., normal sleep was between 6 and 9 h) (Theorell-Haglow et al. 2012 ; and (e) they used objective measures of sleep (e.g., polysomnography) (Theorell-Haglow et al. 2010) . The differences in findings may also have arisen from cultural and/or genetic differences between women in Sweden and those in Canada. Sleep quality among women of childbearing age in Canada was not significantly linked to OW/OB in any of the logistic regression models (i.e., unadjusted, partially, or fully adjusted models). This is similar to a study among US women of childbearing age (16 to 40 years) of lower SES which reported that poor sleep measured by the PSQI was not related to OW/OB (Centers for Disease Control and Prevention 2015). However, these findings contradict studies conducted among adults that reported a significant association between sleep quality and risk of OW/OB (Fatima et al. 2016; Rahe et al. 2015) . These studies employed different measures of sleep quality. The CCHS, years 2011-2014, only had data on sleep latency, disturbances, finding sleep refreshing, and daytime dysfunction, while the US study employed all seven components of sleep quality according to the PSQI (Buysse et al. 1989) . Additional studies on the association between sleep quality and OW/OB among women of childbearing age are thus needed to determine whether this segment of the population is different from all adults. Ideally, studies should also use a validated measure of sleep quality, such as the PSQI (Buysse et al. 1989 ) and/or an objective measure of sleep quality, such as actigraphy.
This study has a number of strengths and weaknesses. Strengths include the large sample size, carefully collected data as part of this nationally sponsored health monitoring assessment, and the inclusion of various covariates in the statistical analyses to rule out as much as possible the influence of variables that are generally reported to impact OW/OB. To our knowledge, this is also the first Canadian study to explore the association between sleep and OW/OB among women of childbearing age. The main weakness is that the analyses were cross-sectional, and consequently, causal inferences cannot be made based on the current results. The logistic regression models poorly discriminated women of childbearing age based on their BMI with areas under the ROC curve below 70% (Hosmer and Lemeshow 2000) , indicating that other variables not measured in the current study might be better to distinguish risk of OW/OB among this population and possible residual confounding. Sleep duration and quality and all It is generally best to use both self-reported and objective measures of sleep to counterbalance the strengths and weaknesses associated with each measure. The measure of sleep quality available in the CCHS was not validated, had a low reliability coefficient (Cronbach's alpha 0.48), and did not assess all seven components of sleep quality of the PSQI (Buysse et al. 1989) ; it therefore might not have been a comprehensive measure of sleep quality. Finally, it is important to mention that the current results cannot be generalized to all women of childbearing age in Canada, since the CCHS, years 2011-2014, did not sample participants of all provinces regarding sleep; the items on sleep were part of the optional content of the survey. Newfoundland and Labrador, New Brunswick, Saskatchewan, and Nunavut, as well as heavily populated provinces of Canada, such as Ontario and British Columbia, were not surveyed. The results can only be generalized to the seven provinces and territories surveyed. Our findings suggest that targeting sleep duration and sleep quality alone would not considerably contribute to lower risk of OW/OB among women of childbearing age in Canada, since sleep duration and quality were not significantly associated with OW/OB when controlling for demographics and variables associated with OW/OB. Additional studies among women of childbearing age are needed to confirm these findings, and ideally, future studies should adopt a longitudinal design and use both self-reported and objective measures of sleep duration and quality and an objective measure of risk of OW/OB.
